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Abstract The difficulties of underwater acoustic channel, i.e., multipath, time varying and Doppler shifting
pose significant challenges to underwater acoustic speech communication. In this paper, multi-channel time
reversal is incorporated with time-frequency differential orthogonal frequency division multiplexing (OFDM)
technology to design an underwater acoustic speech communication system, which enables time-frequency do-
main focusing of multipath by multi-channel time reversal, as well as suppressing of the residual multipath with
time-frequency differential OFDM. Thus the employment of complicated channel estimation and equalization
are avoided to facilitate the low complexity system implementation. In addition, the mixed-excitation linear
predictive (MELP) is employed for speech encoding. The simulation and sea trial demonstrate the effectiveness
of the method at presence of time varying multipath underwater acoustic channel.
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数据符号为 di,m = e
jφi,m，m = 1, 3, · · · , 2N − 1，
φi,m ∈ {0, 2π}；经时域差分调制后的数据为
si,m = e
j∆φi,m，其中：
















控 （Differential quadrature phase shift keying，
DQPSK）调制后第 i个OFDM符号经N点 IFFT



















= hi,n,0xi,n + hi,n,1xi,n−1 + · · ·
+ hi,n,L−1xi,n−L+1 + wi,n, (5)






















= αi,mXi,m + βi,m +W i,m,



















sjr(t) = s(t)⊗ hj(t) + nj(t). (8)
经过时反处理器后信号为
rj(t) = srj(t)⊗ hj(−t)
= [s(t)⊗ hj(t) + nj(t)]⊗ hj(−t)
= s(t)⊗ hj(t)⊗ hj(−t) + nj(t)⊗ hj(−t)





























来，并采用 2.4 kbps混合激励线性预测 (Mixed-











































直接收阵，各阵元分别位于 2 m、4 m、6 m、8 m深
度处。
为模拟信道时变，仿真实验中发射阵元位置保















Table 1 The parameters of simulation
项目 参数
采样率 96 kHz























Fig. 2 The schematic diagram of simulation and the eigenray

























































Fig. 4 The SNR-to-BER curve of simulation
OFDM与多通道时反的时频差分OFDM信噪比误














4 阵元垂直接收阵，换能器之间距离 1.5 m。发射
换能器A布放深度为5 m，接收阵列中B1布放深度
















































Fig. 5 Deployment of the transducers and sound speed gradient
/ms /ms

















Fig. 6 Continuous time channel response
表2 解调误码率
Table 2 The bit error ratio
参数
原始误码率 纠错后误码率
时域差分OFDM 时频差分OFDM 时域差分OFDM 时频差分OFDM
时反前
通道 1 31.23% 21.71% 48.45% 40.02%
通道 2 22.32% 11.32% 43.93% 11.87%
通道 3 24.27% 13.48% 42.03% 24.06%
通道 4 19.34% 6.59% 39.20% 2.75%
多通道时间反转 19.56% 6.55% 36.26% 3.70%














































Fig. 7 The original speech
/s













图 8 通道 3时频差分OFDM解调后合成语音
Fig. 8 The synthetic speech of channel 3
/s
(a) (b) 













Fig. 9 The synthetic speech after time-reversal receiver
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